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Abstract
Background: Children with attention deficit/hyperactivity disorder (ADHD) often present with social difficulties,
though the extent to which these clearly overlap with symptoms of autism spectrum disorder (ASD) is not well
understood.
Methods: We explored parent-reported and directly-observed ASD symptoms on the Autism Diagnostic
Interview-Revised (ADI-R) and the Autism Diagnostic Observation Schedule (ADOS) in children referred to
ASD-specialty clinics who received diagnoses of either ADHD (n = 48) or ASD (n = 164).
Results: Of the ADHD sample, 21 % met ASD cut-offs on the ADOS and 30 % met ASD cut-offs on all domains
of the ADI-R. Four social communication ADOS items (Quality of Social Overtures, Unusual Eye Contact, Facial
Expressions Directed to Examiner, and Amount of Reciprocal Social Communication) adequately differentiated
the groups while none of the items on the ADI-R met the criteria for adequate discrimination.
Conclusions: Results of this work highlight the challenges that clinicians and researchers face when
distinguishing ASD from other disorders in verbally fluent, school-age children.
Keywords: Autism, Autism Spectrum Disorder (ASD), Attention Deficit/Hyperactivity Disorder (ADHD), Autism
Diagnostic Observation Schedule (ADOS), Autism Diagnostic Interview-Revised (ADI-R), Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
Background
Autism Spectrum Disorder (ASD) and Attention Deficit/
Hyperactivity Disorder (ADHD) are two of the most
commonly diagnosed childhood neurodevelopmental
disorders [1]. As described in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) [1], core symptoms of an ASD diagnosis do not
overlap with core symptoms of ADHD, though research
suggests that 30–75 % of children with a diagnosis of ASD
have symptoms of ADHD (see [2–7]) and 20–60 % of
children with ADHD have ASD-like social difficulties (see
[8–12]). Over the last several years, there has been
increasing interest in ASD-ADHD symptom overlap [13].
This led to the removal in DSM-5 of the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR) restriction that prevented a
dual diagnosis of ASD and ADHD. This provides clini-
cians with an opportunity to acknowledge both the
converging and discrete symptom presentations of ASD
and ADHD. It also underscores the importance of
understanding the boundaries and overlaps between
these disorders [14].
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One approach to achieve a better understanding of
the convergence between the two disorders is through
exploration of ASD symptoms in individuals with a
diagnosis of ADHD. Research to date has found that
social dysfunction occurs regularly in children with
ADHD [5, 15–17] and these social deficits may be
similar to those seen in ASD [9, 10, 18]. One study
described ASD symptoms in children with ADHD as
loading on two factors, social communication and
restricted, repetitive behaviors [19], the same way that
these constructs have been shown to organize in ASD
samples [20, 21]. Other work has shown that ASD
symptoms are elevated in children with more behav-
ioral difficulties, including ADHD symptoms [22–25].
Similarly, symptoms of ASD have been found to be
associated with oppositional behaviors and depression
in children with ADHD [8, 9, 11]. Thus, it remains un-
clear whether ASD-like social difficulties in ADHD are
fully explained by associated behavioral or mood
symptoms or whether behavior/mood difficulties and
ASD-like symptoms occur separately in ADHD and
lead to social dysfunction.
One limitation of research exploring ASD symptoms
in individuals with ADHD is that the majority of studies
have relied on parent questionnaires of ASD symptoms
and/or measures of broad psychopathology that are not
specific to ASD [5, 8–11, 16–18, 26, 27]. None of these
studies used direct child observation measures, such as
the Autism Diagnostic Observation Schedule (ADOS)
[28], or an ASD-specific parent interview, such as the
Autism Diagnostic Interview, Revised (ADI-R) [29], to
characterize ASD symptoms in children with ADHD.
The ADOS and the ADI-R are two of the most widely
used and well-validated measures designed specifically
to assess ASD symptoms. The ADOS and ADI-R pro-
vide detailed information about specific social and
repetitive behaviors while also providing empirically
defined diagnostic domain scores. In addition, items on
the ADOS and ADI-R have been mapped to DSM-5
diagnostic criteria for ASD [30], providing an opportun-
ity to inform the practical application of DSM-5 criteria
in children with ADHD and ASD symptoms. Although
current research motivations emphasize exploration of
symptoms on a continuum (Research Domain Criteria
(RDoC)) [31], current clinical needs require practitioners
to provide dichotomous determinations of whether
someone does or does not have a disorder. Therefore,
exploring the prevalence of specific ASD symptoms in
children with ADHD has important implications for cli-
nicians seeking diagnostic clarification. In addition, when
looking at domains of symptoms on ASD measures in a
continuous fashion, we would expect that the children
with ASD diagnoses would have more severe symptoms
than children with ADHD; however, clinicians may be
particularly guided by a better understanding of which
specific symptoms are most discriminative between
groups. Furthermore, obtaining detailed information
about specific social difficulties in children with ADHD
has implications for treatment planning, as well as for
interpreting emerging evidence of both genetic [19, 32]
and neurobiological [33–35] overlap between these
disorders.
In this study, we examined ADOS and ADI-R scores in
a sample of children referred to ASD-specialty clinics for
diagnostic evaluations who ultimately received clinical
diagnoses of ADHD (not ASD). This is a unique sample
given that most comparative work between ASD and
ADHD has used research rather than clinical samples; this
particular group of children may be especially relevant to
clinicians. We aimed to explore (1) the specificity of
standard ASD diagnostic instruments in children referred
to an ASD clinic who received a diagnosis of ADHD and
(2) the specific profiles of ASD symptoms (on a domain
and individual item level) in this sample of children with
ADHD compared to age, sex, and IQ-matched children
with primary diagnoses of ASD.
Methods
Participants
Data from the current study were extracted from an
existing database of children whose parents had pro-
vided written informed consent for their child’s clinical
information to be included in a research database which
was approved by Institutional Review Boards (IRB) at
three different ASD-specialty clinics (sites): the
University of Chicago Developmental Disorders Clinic
(UCDDC; 45 % of the sample), the University of Mich-
igan Autism and Communication Disorders Center
(UMACC; 47 % of the sample), or the New York Presby-
terian Center for Autism and the Developing Brain
(CADB) at Weill Cornell Medicine (8 % of the sample).
Children were only eligible for the current study if they
had been referred for a clinical ASD diagnostic assess-
ment (i.e., not seen as part of a specific research study)
and had received an overall best estimate clinical diag-
nosis (BEC) of ASD or ADHD following the compre-
hensive assessment (see below).
Research has shown that distinguishing between ASD
and ADHD in children who are verbally and intellectually
able is a particular challenge [18, 36, 37]. Therefore, in this
initial exploration, we limited our sample to children who
were between the ages of 4 and 18 years old, with IQs in
the borderline range or above (full scale IQs ≥70), and re-
ceived module 3 or 4 of the ADOS [38], indicating verbal
fluency. Forty-eight participants (38 males) who received
clinical assessments and met the above criteria received a
BEC of ADHD (no diagnosis of ASD). Children with a
BEC of ASD were chosen as a comparison group, based
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on the same criteria outlined above. Due to the DSM-IV-
TR prohibition against diagnosis of comorbid ADHD in
individuals with ASD, ADHD was not systematically ruled
in/out in children with ASD prior to 2013 (when DSM-5
criteria were implemented); however, children who were
given a comorbid diagnosis of ASD and ADHD (post-
DSM-5 implementation; n = 66) were not eligible for
inclusion in this study. The final sample of children with a
BEC of ASD included 164 children (138 males). Informa-
tion about current psychotropic medication treatment was
only available for 66 % (n = 139) of the sample, as this
information was not systematically gathered for children
seen at UCDDC. There was no statistically significant
difference between the ADHD and ASD groups with
regard to the proportion of children receiving psycho-
tropic medication (χ2(1, 139) = 3.36, p = 0.07). The chil-
dren with ADHD did not differ from children with ASD
in verbal IQ (VIQ), non-verbal IQ (NVIQ), age, gender, or
ethnicity. However, given the large age (4 to 18 years old)
and NVIQ (72–153) ranges included in the study, these
variables were included as covariates in secondary analyses
of dimensional data despite no significant overall group
differences in means. In addition, because significantly
more children with ADHD were seen in Michigan than
New York and Chicago, site was included as a covariate in
these secondary analyses (see Table 1).
Measures
ASD measures
The ADOS [28] and the ADI-R [29] were administered in
order to obtain information about ASD symptoms. The
ADI-R is a standardized parent interview that obtains
information about past and current symptoms of ASD.
The ADOS obtains information through direct observa-
tion. All clinicians involved in administering these instru-
ments had established research reliability. Items on the
ADOS and ADI-R are scored on a 0–3 scale, with higher
scores indicating greater impairment. Per ADOS and
ADI-R algorithm scoring conventions, all scores of 3 were
converted to 2.
The ADI-R yields four domain scores based on past
behavior (between the ages of 4 and 5, or ever), which are
calculated by summing items within the areas of Qualita-
tive Abnormalities in Reciprocal Social Interaction (So-
cial), Qualitative Abnormalities in Communication
(Communication), Restricted, Repetitive, and Stereotyped
Patterns of Behavior (RRB-ADI), and Abnormality of De-
velopment Evident at or Before 36 Months (Age of Onset).
Totals from domains have algorithm cut-offs that yield
classifications of autism or non-autism.
In addition, in order to understand current behavior de-
scribed on the ADI-R, domains of social communication
(SC), repetitive sensory motor (RSM), and insistence on
sameness (IS) were calculated using domains defined by
Lord, Bishop, and Anderson [38]. Because all participants
were verbally fluent in our sample, we included verbal
items from the ADI-R that Lord, Bishop, and Anderson
had excluded [38]; items 34–38 (Social Verbalization/
Chat, Reciprocal Conversation, Inappropriate Questions/
Statements, Pronominal Reversal, and Neologisms/Idio-
syncratic Language) were placed in the SC domain, item
33 (Stereotyped Utterances/Delayed Echolalia) was placed
in the RSM domain, and items 39 (Verbal Rituals) and 68
(Circumscribed Interests) were placed in the IS domain.
The ADOS diagnostic algorithm yields classifications
of ASD versus non-ASD [39, 40] as well as Calibrated
Severity Scores (CSS) for the algorithm total (CSS Over-
all) and domain severity scores in the areas of social
affect (CSS SA) and restricted and repetitive behavior
(CSS RRB) [40, 41]. In addition, ADOS totals were cal-
culated in the domains of basic social communication
(basic SOC), interaction quality, and RRBs based on re-
cently defined ADOS factors (see [42]).
To aid in diagnostic symptom understanding, re-
searchers have mapped individual items from the ADOS
and ADI-R to ASD symptom domains [30]. For the pur-
poses of this study, to be most consistent with diagnostic
domains, the ADOS item Amount of Reciprocal Social
Communication, which was originally mapped by Huerta
et al. [30] to symptom area “Developing and maintaining
relationships” (A3) [30], was moved to symptom area
“Socio-emotional reciprocity” (A1).
Cognitive testing
For the majority of participants, a standard hierarchy
was followed to select appropriate cognitive tests: the
Table 1 Descriptive data for ADHD and ASD samples
ADHD ASD
(n = 48) (n = 164)
Mean (SD) Mean (SD) t df p value
Age (years) 9 (4) 9 (3) 0.01 210 0.99
VIQa 106 (16) 103 (18) 0.75 208 0.45
NVIQa 105 (14) 104 (17) 0.21 207 0.83
n (%) n (%) χ2 df p value
Males 38 (79) 138 (84) 0.65 1 0.42
ADOS Mod 3 41 (85) 145 (88) 0.31 1 0.58
Site
UMACC 29 (60) 70 (43) 26.90 2 <0.001
UCDDC 9 (19) 88 (54)
CADB 10 (21) 6 (4)
ADHD attention deficit/hyperactivity disorder, ASD autism spectrum disorder,
CADB Center for Autism and the Developing Brain in New York, df degrees
of freedom, UCDDC University of Chicago Developmental Disorders Clinic,
UMACC University of Michigan Autism and Communications Disorders Center
aTwo ADHD participants were missing VIQ information and three additional
ADHD participants were missing NVIQ information
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Differential Ability Scales (DAS) [43] was chosen first,
followed by an age-appropriate Wechsler test (Wechsler
Adult Intelligence Scale (WAIS), Wechsler Abbreviated
Scale of Intelligence (WASI), Wechsler Intelligence Scale
for Children (WISC), Wechsler Preschool and Primary
Scale of Intelligence (WPPSI)) [44–47]. These tests pro-
vided verbal IQ (VIQ) and non-verbal IQ (NVIQ) for 93
% and 85 % of the ADHD and ASD groups, respectively.
These measures use chronological age standardization
with a mean of 100 and a standard deviation of 15 and
have adequate convergent validity [45]. A number of other
tests were used to estimate IQ for the remaining partici-
pants (7 % of the ADHD sample and 15 % of the ASD
sample). Specifically, approximations of VIQ were gath-
ered from the Clinical Evaluation of Language Funda-
mentals (CELF) [48], Peabody Picture Vocabulary
Test (PPVT) [49], Vineland Adaptive Behavior Scales
(VABS) [50], and NVIQ from the Raven’s Progressive
Matrices [51]. There was no difference between the diag-
nostic groups with regards to which cognitive test was
used.
Clinical diagnosis
An overall best estimate clinical diagnosis (BEC) [52]
was determined based on all available information, in-
cluding questionnaires, information from teachers, re-
sults of the ADOS and ADI-R, and the diagnostic
impression of a clinical team, which included a psych-
ologist and/or psychiatrist.
Analysis
First, we examined the proportion of participants who
met standard ADI-R and ADOS algorithm cut-offs in
the ADHD group. We expanded this to also explore less
strict ADI-R cut-offs for ASD as defined by Lainhart et
al. (Collaborative Program of Excellence in Autism
(CPEA) ADI-R Criteria) [53] since original ADI-R cut-
offs were intended to capture autistic disorder, with less
sensitivity to broader ASD presentations now captured
under DSM-5 criteria. Second, using analysis of variance
(ANOVA), the groups were compared on ADOS CSS
(Overall, SA, and RRB), ADOS factors (basic SOC, inter-
action quality, and RRBs), ADI-R algorithm domains
(social, communication, RRB-ADI), and ADI-R current
symptom domains (SC, RSM, and IS). Secondary ana-
lyses of covariance (ANCOVA) co-varying for age,
NVIQ, and site were conducted. The ADI-R age of onset
algorithm domain is intended for categorical use; there-
fore, a chi-square analysis was conducted comparing
groups on the proportion of children who met the
domain algorithm cut-off (≥1). Third, since current diag-
nostic practice (DSM-5) focuses primarily on the pres-
ence/absence of specific symptoms and since ADI-R and
ADOS items represent ordinal rather than interval data,
we compared the two groups with regard to the propor-
tion of symptoms endorsed (1, 2, or 3) versus not en-
dorsed (0). Specifically, χ2 analyses were conducted to
compare proportions of endorsed versus non-endorsed
items that have been mapped to each symptom domain
[30]. Fourth, using methodology previously employed for
the purpose of identifying items for diagnostic algo-
rithms and other discrimination purposes [39, 54, 55],
we identified specific social communication items that
discriminated best between the groups. This method-
ology aims to identify items that show both a shifted
distribution by diagnostic group and also items that are
most likely to differentiate between ASD and non-ASD.
An item was determined to discriminate “adequately” be-
tween groups if it was endorsed (code of 1–3) in >66 % of
the ASD group and <33 % of the ADHD group. This cri-
terion was not applied to RRB items because endorsement
was not expected in a large proportion (>66 %) of individ-
uals with ASD [39], especially given that participants in
this study were primarily school-aged and adolescent chil-
dren with average or above IQ. To account for multiple
comparisons, a significance threshold was set at α = 0.01
across analyses.
Results
Specificity of the ADI-R and ADOS
As Table 2 shows, 21 % of the ADHD sample and 85 %
of the ASD sample met ADOS ASD algorithm cut-offs
(cut-off for ASD ≥7 for module 3 and ≥8 for module 4)
[39, 40]. On the ADI-R, 30 % of the ADHD sample and
67 % of the ASD sample met algorithm criteria across all
four domains resulting in an ADI-R classification of aut-
ism. When using CPEA criteria, which are less strict
than standard ADI-R autism cut-offs [53], 67 % of the
children with ADHD and 84 % of the ASD sample re-
ceived an ADI-R classification of ASD. When the mea-
sures were employed in combination, most children
(60–75 %) with ASD met criteria for ASD on both the
ADOS and the ADI-R, while few children with ADHD
met criteria for ASD on both the ADOS and the ADI-R
(11 % when using traditional ADI-R cut-offs and 15 %
when using CPEA ADI-R cut-offs).
Domain comparisons
ADOS
Not surprisingly, the ASD group scored significantly
higher than the ADHD group on all CSS domains (CSS
SA, CSS RRB, and CSS Overall): F(1,210) = 66.80, p <
0.001, η2 = 0.24, F(1,210) = 80.60, p < 0.001, η2 = 0.28,
and F(1,210) = 99.51, p < 0.001, η2 = 0.32, respectively.
The ASD group also scored significantly higher on basic
SOC, interaction quality, and RRBs factors [42]:
F(1,201) = 41.16, p < 0.001, η2 = 0.17, F(1,210) = 38.19, p <
0.001, η2 = 0.15, F(1,210) = 53.26, p < 0.001, η2 = 0.20,
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respectively (see Fig. 1 and Appendix: Table 6). These
results remained consistent when controlling for site, age,
and NVIQ.
ADI-R
Children with ASD had significantly higher scores on the
social, communication, and RRB domains of the ADI-R:
F(1,200) = 11.43, p < 0.01, η2 = 0.05, F(1,200) = 12.24, p <
0.01, η2 = 0.06, and F(1,200) = 8.22, p < 0. 01, η2 = 0.04.
Analyses indicated that there was no statistically signifi-
cant difference between groups in terms of the proportion
of those who met the age of onset domain cut-off. There
were no statistically significant differences between the
groups across current symptom domains on the ADI-R
Table 2 Percent meeting cut-offs on the ADOS and ADI-R
ADHD ASD
(n = 48)a (n = 164)a
ADOS cut-off 21 85
ADI-R (social, communication, RRB, and age of onset) cut-offs 30 67
Social cut-off 57 82
Communication cut-off 61 87
RRB cut-off 67 88
Age of onset cut-off 80 88
ADI-R CPEA ASD criteriaa 67 84
Combining measures
ADOS and ADI-R (social, communication, RRB, and age of onset) 11 60
ADOS and ADI-R CPEA ASD criteriaa 15 75
ADHD attention deficit/hyperactivity disorder, ASD autism spectrum disorder, df degrees of freedom, RRB restricted repetitive behaviors on ADI-R
aCPEA criteria was determined based on Lainhart et al. [53]; Two children with ADHD and eight children with ASD were missing ADI-R data
Fig. 1 ADOS and ADI-R domain scores. ADHD attention deficit/hyperactivity disorder, ASD autism spectrum disorder, CSS calibrated severity score,
IS insistence on sameness, RRBs restricted repetitive behaviors, RSM repetitive sensory motor, SA social affect, SC social communication. Results
presented do not include covariates; see text for results of analyses of covariance
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(SC, RSM, and IS as defined by [38]). These results
remained consistent when controlling for age, NVIQ, and
site with one exception: when controlling for age, a group
difference in the RSM total (current) of the ADI-R
emerged: F(2,192) = 7.01, p < 0. 01, η2 = 0.04. See Fig. 1
and Appendix: Table 6.
Individual items/symptoms
Social-emotional reciprocity (symptom area A1; seven ADOS
items, seven ADI-R items)
Results of χ2 tests of differences in proportion indicate
that all ADOS items in the symptom area of social-
emotional reciprocity (A1), except Shared Enjoyment in
Interaction and Asks for Information, were endorsed sig-
nificantly more frequently in the ASD group than the
ADHD group (see Table 3). Two of these items also met
study criteria as adequate discriminators: Quality of So-
cial Overtures and Amount of Reciprocal Social Com-
munication (see Table 3). Few ADI-R items were
endorsed significantly more frequently in the ASD group
than the ADHD group and none met study criteria as
Individual items/symptoms (see Table 4).
Non-verbal communicative behaviors (symptom area A2;
three ADOS items, six ADI-R items)
In the symptom area of non-verbal communication (A2),
two of the ADOS items were endorsed significantly
more frequently in the ASD group (χ2 tests of differ-
ences in proportion) and also met study criteria as ad-
equate discriminators: Unusual Eye Contact and Facial
Expressions Directed to Examiner (see Tables 3 and 5).
No statistically significant differences between groups in
the proportion of endorsed ADI-R items were found,
and none of the ADI-R items emerged as adequate dis-
criminators (see Table 4).
Developing and maintaining relationships (symptom area
A3; six ADI-R items)
No ADOS items were included in the symptom area of
deficits in developing and maintaining relationships
(A3). None of the ADI-R items met the study criteria as
adequate discriminators between the groups, and results
of χ2 tests of differences in proportion did not indicate
any statistically significant differences between groups in
the proportion of endorsed items (Table 4).
Table 3 Percent endorsed ADOS item abnormality (non-zero scores) by diagnosis
ADHD ASD
(n = 48) (n = 164)
A1. Social-emotional reciprocity
Quality of social overtures (item B7/B9)*** 27 70
Shared enjoyment in interaction (item B4) 17 38
Quality of social response (item B9/B11)** 56 80
Conversation (item A8)*** 50 80
Offers information (item A5)** 13 41
Asks for information (item A6) 77 86
Amount of reciprocal social communication (item B10/B12)*** 25 68
A2. Non-verbal communicative behaviors
Unusual eye contact (item B1)*** 31 71
Facial expressions directed to examiner (item B2)*** 13 67
Descriptive, conventional, instrumental, or informational gestures (item A9) 29 46
B1. Stereotyped/repetitive speech, motor movements, or use of objects
Immediate echolalia (item A3) 2 15
Stereotyped/idiosyncratic use of words/phrases (item A4)*** 31 71
Hand and finger and other complex mannerisms (item D2)** 2 30
B2. Excessive adherence to routines, ritualized patterns, or resistance to change
Compulsions or rituals (item D5) 21 27
B3. Highly restricted, fixated interests
Excessive Interest in or References to Unusual or Highly Specific Topics or Objects or Repetitive Behaviors (item D4)*** 15 55
B4. Hyper-/hypo-reactivity to sensory input or unusual interest in sensory environment
Unusual sensory interest in play material/person (item D1)** 10 34
Based on Huerta, Bishop, Duncan, Hus, and Lord, 2012 item classification for DSM-5; items in italics are those that met criteria for adequacy at distinguishing
between groups (endorsed in >66 % of ASD and <33 % of ADHD)
**p < 0.01, ***p < 0.001
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Stereotyped/repetitive speech, motor movements, or
use of objects (symptom area B1; three ADOS items,
six ADI-R items)
χ2 tests of differences in proportion indicated that two
items on the ADOS, Stereotyped/Idiosyncratic Use of
Words or Phrases and Hand and Finger and Other
Complex Mannerisms, were endorsed significantly
more frequently in the ASD group than the ADHD
group (see Table 3). Although formal discrimination
criteria were not applied to these items, Stereotyped/
Idiosyncratic Use of Words or Phrases on the ADOS
was endorsed in 71 % of the ASD group and 31 % of
the ADHD group. On the ADI-R, one of the items,
Stereotyped Utterances and Delayed Echolalia (item
33, ever), was endorsed significantly more frequently
in the ASD group than the ADHD group (tests of dif-
ferences in proportion; see Table 4).
Excessive adherence to routines, ritualized patterns, or
resistance to change (symptom area B2; one ADOS item,
four ADI-R items) and highly restricted, fixated interests
(symptom area B3; one ADOS item, three ADI-R items)
For symptom area B2, none of the ADOS or the ADI-R
items differed in the frequency of endorsement between
the groups (χ2 tests of differences in proportion). For
symptom area B3, Excessive Interest in or References to
Unusual or Highly Specific Topics or Objects or Repeti-
tive Behaviors on the ADOS was endorsed more fre-
quently in the ASD group than the ADHD group, but
there were no significant differences in the ADI-R items
(tests of differences in proportion; see Tables 3 and 4).
Table 4 Percent endorsed ADI-R DSM-5 diagnostic item







Social chat (item 34) 71 (61) 79 (67)
Conversation (item 35)** 69 (70) 90 (88)
Use of other’s body to communicate
(item 31)^^
15 (13) 24 (7)
Showing and directing attention (item 52) 35 (24) 57 (36)
Seeking to share enjoyment (item 54) 33 (25) 55 (31)
Offering comfort (item 55) 49 (47) 69 (55)
Social smiling (item 51) 58 (51) 73 (66)
A2. Non-verbal communicative behaviors
Pointing (item 42) 52 (50) 67 (56)
Nodding (item 43) 41 (44)a 45 (32)
Shaking (item 44) 30 (40) 40 (32)
Conventional/instrumental gestures (item 45) 51 (44) 75 (63)
Range of facial expressions (item 57) 60 (53) 66 (60)
Quality of social overture (item 56) 52 (49) 65 (49)
A3. Developing and maintaining relationships
Inappropriate questions (item 36) 67 (69)a 67 (65)
Inappropriate facial expressions (item 58) 54 (56)a 57 (54)
Offering to share (item 53) 72 (64) 74 (63)
Appropriateness of social responses (item 59) 61 (64)a 79 (73)
Social disinhibition (item 66) 84 (82) 83 (80)
Friendships (item 65)b 64 (73) 82 (79)
B1. Stereotyped/repetitive speech, motor movements, or use of objects
Stereotyped language (item 33)*** 52 (47) 72 (68)
Pronoun reversal (item 37) 28 (11) 38 (14)
Neologisms/idiosyncratic language (item 38) 26 (24) 34 (21)
Repetitive use of objects (item 69) 61 (47) 65 (46)
Hand/finger mannerisms (item 77) 20 (18) 40 (34)
Other complex mannerisms (item 78) 28 (22) 50 (43)
B2. Excessive adherence to routines, ritualized patterns, or resistance to
change.
Verbal rituals (item 39) 33 (33) 38 (33)
Compulsions/rituals (item 70) 48 (42) 54 (49)
Difficulties with minor changes in
routines/environment (item 74)
66 (66) 69 (61)
Resistance to trivial changes in the
environment (item 75)
24 (22) 19 (16)
B3. Highly restricted, fixated interests.
Unusual preoccupations (item 67) 26 (22) 38 (29)
Circumscribed interests (item 68) 67 (66) 76 (71)
Unusual attachment to objects (item 76) 24 (16) 29 (15)
Table 4 Percent endorsed ADI-R DSM-5 diagnostic item
abnormality (non-zero scores) by diagnosis (Continued)
B4. Hyper-/hypo-reactivity to sensory input or unusual interest in
sensory environment
Undue general sensitivity to noise (item 72) 50 (48) 69 (63)
Abnormal, idiosyncratic, negative response to
specific sensory stimuli (item 73)
53 (55) 63 (61)
Unusual sensory interests (item 71) 61 (64)b 63 (57)
Based on Huerta, Bishop, Duncan, Hus, and Lord, 2012 item classification
for DSM-5
aTwo parents of ADHD children and eight parents of ASD children were not
administered the ADI-R and one additional child with ADHD was not administered
current items; therefore, these individuals were not included in analyses
and percentages; higher percentage of current versus past explained by
missing current data
bFriendships (item 65) was not originally mapped to DSM-5 criteria by Huerta,
Bishop, Duncan, Hus, and Lord, 2012 but was added here due to its
applicability to the symptoms area; in addition, past percentages refer
to “most abnormal” abnormal ages 10–15 years and current percentages
refer to individuals ≥5 years old
**p < 0.01, ***p < 0.001 (indicates statistically significant difference between
groups in ADI-R past endorsed items); ^^p < 0.01, ^^^p < 0.001 (indicates
statistically significant difference between groups in ADI-R current
endorsed items)
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Hyper-/hypo-reactivity to sensory input or unusual interest
in sensory environment (symptom area B4; one ADOS item,
three ADI-R items)
Unusual Sensory Interest in Play Material/Person on the
ADOS was endorsed significantly more frequently in the
ASD group than the ADHD group (tests of differences
in proportion; see Table 3). There were no significant
differences between the groups in the proportion of en-
dorsed items on the ADI-R in this symptom area (tests
of differences in proportion; see Table 4).
Discussion
Results of this work highlight the diagnostic conundrum
that clinicians often face when assessing verbally fluent,
school-aged children for ASD [18, 36, 37, 56, 57].
Distinguishing a child with ASD from a child with
ADHD (or other behavioral/psychiatric problems) in
clinical settings can be challenging. Differential
diagnosis in these cases is also very different from
distinguishing a child with ASD from a typically de-
veloping child with no psychiatric history and/or no
related parental concerns. In this study, we investi-
gated parent-reported and clinician-observed ASD
symptoms in a unique sample of children referred to
ASD clinics who ultimately received diagnoses of
ADHD without ASD and compared these children to
a similarly referred group of children who ultimately
received diagnoses of ASD. We explored these symp-
toms in a global (domain level) and detailed (item
level) manner using scores from the ADOS and
ADI-R, in order to provide both a dimensional and
individual symptom profile. Overall, results suggest
that many ASD symptoms were endorsed in some
children with ADHD, which is consistent with previ-
ous studies [5, 15–17] and not surprising given that
these children were referred due to ASD concerns.
When looking at standard diagnostic cut-offs, com-
bining the ADOS and ADI-R resulted in the highest
specificity in the ADHD sample. However, when
using the same combination of measures, sensitivity
within the ASD sample decreased substantially.
Using less stringent ADI-R ASD cut-offs (CPEA)
[53], combined with standard ADOS ASD cut-offs
resulted in the best combination of specificity within
the ADHD sample and sensitivity within the ASD
sample. However, it should be noted that CPEA cri-
teria do not technically require the presence of
RRBs, which would be required to make a DSM-5
clinical diagnosis.
On a dimensional level, children with ADHD
scored significantly lower than children with ASD
across all domains on the ADOS and in several
domains on the ADI-R. However, on the ADI-R,
parents reported that their children with ADHD dis-
played similar levels of current ASD symptoms, as
well as an early age of onset. A relatively large pro-
portion of children with ADHD also met cut-offs on
several domains of the ADI-R algorithm. In contrast,
domains of the ADOS were better at distinguishing
between the diagnostic groups in this sample. On an
individual item level, most ADOS items but only a
few ADI-R items were endorsed more frequently in
the ASD group. Moreover, four social communica-
tion items on the ADOS that fell within the DSM-5
domains of social-emotional reciprocity and non-
verbal communicative behaviors were adequate at
discriminating this unique group of children with
ADHD from the children with ASD, but none of the
social communication items on the ADI-R met study
criteria for adequacy at discriminating between the
ASD and ADHD groups. These results suggest that,
when coded by a clinician during direct observation,
there are differences in the quality and type of social
impairment between children with ASD and children
with ADHD that may be harder to differentiate
based on parent report.
During direct observation (ADOS), symptoms in
the RRB domain were seen more frequently in the
ASD group than the ADHD group. Stereotyped/Idio-
syncratic Use of Words or Phrases on the ADOS
and Stereotyped Utterances and Delayed Echolalia
on the ADI-R were the RRB symptoms most clearly
associated with ASD in this study. On the other
hand, a number of children with ADHD exhibited
RRBs similar to children with ASD (at least based
on parent report). This has implications for clinical
practice as the specificity of these behaviors may be
limited depending on the comparison group.
Table 5 Social communication items that met the criteria as adequate discriminators between ASD and ADHD
ADOS item Mod. 3 item Mod. 4 item DSM-5 symptom domain
Quality of Social Overtures B7 B9 Social-emotional reciprocity (a1)
Amount of Reciprocal Social Communication B10 B12 Social-emotional reciprocity (a1)
Unusual Eye Contact B1 B1 Non-verbal communication (a2)
Facial Expressions Directed to Examiner B2 B2 Non-verbal communication (a2)
Items were defined as adequate discriminators if they were endorsed in >66 % of the ASD group and <33 % of the ADHD group
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Although elevated scores on ASD measures in this
sample of children with ADHD may suggest that actual
ASD symptoms are common in ADHD [9, 10, 18],
results of the clinician observation (ADOS) and the
BEC non-ASD diagnoses suggest that there are im-
portant differences in the social communication be-
havior characteristic of each group that were perhaps
not adequately captured by parent report. Elevated
ASD symptom scores are more understandable in
questionnaires, where parents interpret the meaning
of certain questions, but elevations in an extensive,
standardized parent interview are surprising. With the
increasing amount of media attention on ASD, as well
as the increasing number of services available to sup-
port individuals with ASD, parents may be more
aware of and/or more likely to report ASD-like diffi-
culties. At the same time, clinicians may weigh their
impressions from the ADOS more heavily than the
ADI-R in determinations of BEC, leading to non-ASD
diagnoses when observations during the ADOS are
not consistent with an ASD diagnosis, regardless of
elevated ADI-R scores. Overall, it remains unclear
whether elevations on the ADI-R are the result of
parental over-reporting of ASD symptoms, misinter-
preting behaviors as symptoms of ASD, or whether
many children with ADHD truly exhibit social com-
munication deficits similar to those seen in ASD.
Nevertheless, these results underscore the need to
recognize that social problems are not specific to
ASD and that interventions to address social difficul-
ties should not be dependent on an ASD diagnosis.
These results also suggest that care must be taken
with regard to proposals of quick diagnoses based
on abbreviated information [58], questionnaires [59],
or diagnoses made through chart reviews [60]. Using
solely chart reviews to determine a diagnosis may
lead to misclassification of children with other psy-
chiatric diagnoses, like ADHD, as our results high-
light that ASD symptoms are often endorsed by
parents [61]. Recently, Wall and colleagues [58]
identified seven items from the ADI-R (past items)
that distinguished ASD from typical development
with >90 % accuracy: Comprehension of Simple Lan-
guage, Reciprocal Conversation, Imaginative Play,
Imaginative Play with Peers, Direct Gaze, Group Play
with Peers, and Age when Abnormality First Evident
[58]. Although only Reciprocal Conversation was
mapped to DSM-5 diagnostic criteria for our sample
[30], all of these items were endorsed in >60 % of
our ADHD sample, with the exception of Compre-
hension of Simple Language (endorsed in 36 % of
the ADHD sample) [58]. Thus, even if adequate dif-
ferentiation between ASD and typically developing
children is possible using abbreviated measures, the
ability to distinguish between ASD and other child-
hood disorders may be minimal.
Limitations
Our relatively small sample of children with ADHD
represents a particular subset of children with ADHD:
children whose parents had sufficient concern about
ASD to bring them to an ASD-specialty clinic to de-
termine whether a diagnosis of ASD was warranted.
As such, these children are not representative of all
children with ADHD. In addition, our group of chil-
dren with ASD was deliberately selected from a much
larger sample to be equivalent to the ADHD group in
language level, age, and IQ and is therefore not repre-
sentative of the whole ASD population. Future work
should extend these results to samples that include
individuals with lower language and intellectual abil-
ities. In addition, this sample included relatively few
females. Although this is consistent with the gender
discrepancy seen in ASD samples, results of this
study may not be characteristic of females with ASD
and/or ADHD. Future studies should explore the
unique symptom presentations in females with ASD
and/or ADHD. Last, we could not rule out ADHD in
our sample of children with ASD, although children
with formal comorbid diagnoses of ADHD were
excluded.
Conclusions
There are many challenges in assessing verbally flu-
ent, school-age children referred for possible ASD.
Although some social communication symptoms
measured by standard observations distinguished
children with ASD from children with ADHD, do-
main cut-off scores on a detailed parent interview
were less useful in diagnostic discrimination. Results
of this study call for additional research exploring
the prevalence, quality, intensity, and trajectories of
social communication impairments in children with
ADHD compared to children with ASD, in order to
provide insights into the boundaries and overlaps
between these disorders across development. Fur-
thermore, detailed phenotyping of ASD-like traits in
these children could provide insight into studies
exploring the neurobiological [33, 34] and genetic
[32] underpinnings of these disorders, both when
they occur alone and together. In addition, recogni-
tion of the nature of social deficits in children with
ADHD, regardless of whether they also meet criteria
for ASD, is essential to tailor effective treatments
[62–64]. Future research in children with ADHD not
referred for possible ASD is also clearly warranted in
order to understand ASD symptoms in a more rep-
resentative sample of children with ADHD.
Grzadzinski et al. Molecular Autism  (2016) 7:7 Page 9 of 12
Appendix
Abbreviations
ADHD: Attention Deficit/Hyperactivity Disorder; ADI-R: Autism Diagnostic
Interview-Revised; ADOS: Autism Diagnostic Observation Schedule;
ANCOVA: analysis of covariance; ANOVA: analysis of variance; APA: American
Psychological Association; ASD: Autism Spectrum Disorder; Basic SOC
BEC: Basic Social Communication factor (ADOS) best estimate clinical
diagnosis; CADB: Center for Autism and the Developing Brain; CELF: Clinical
Evaluation of Language Fundamentals; CPEA: Collaborative Program of
Excellence in Autism; CSS: Calibrated Severity Scores; DAS: Differential Ability
Scales; DSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition; DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision; IRB: Institutional Review Board; IS: Insistence on
Sameness; NVIQ: Non-Verbal IQ; PPVT: Peabody Picture Vocabulary Test;
RDoC: Research Domain Criteria; RRB: Restricted and Repetitive Behavior;
RSM: Repetitive Sensory Motor; SA: Social Affect; SC: Social
Communication domain (ADI-R); UCDDC: University of Chicago
Developmental Disorders Clinic; UMACC: University of Michigan Autism and
Communication Disorders Center; VABS: Vineland Adaptive Behavior Scales;
VIQ: Verbal IQ; WAIS: Wechsler Adult Intelligence Scale; WASI: Wechsler
Abbreviated Scale of Intelligence; WISC: Wechsler Intelligence Scale for
Children; WPPSI: Wechsler Preschool and Primary Scale of Intelligence.
Competing interests
Authors C.L. and S.B. receive royalties from the ADI-R and/or ADOS-2. All
royalties related to their research are donated to a non-profit organization.
Authors R.G. and C.D. have no financial interests to disclose. None of the
authors have non-financial competing interests to disclose.
Authors’ contributions
Authors RG, SB, and CL participated in study conception, design, analysis,
and interpretation of data, as well as drafting and revisions of the manuscript.
Author CL also participated in acquisition of the data. Author CD participated in
study analysis and interpretation of data as well as drafting and revisions of the
manuscript. All authors read and approved the final manuscript.
Acknowledgements
This work was supported by a Graduate Student fellowship with Weill
Cornell Medicine and Teachers College, Columbia University awarded to
author R.G. Work for this project was also supported by grants awarded to
author C.L. from NIMH (1RC1MH089721; 1R01MH089390) and author S.B.
from HRSA (R40MC274730100). In addition, authors would like to thank
Cherry Youn for assistance in formatting this manuscript.
Author details
1Center for Autism and the Developing Brain, Weill Cornell Medical College,
NewYork-Presbyterian Hospital, 21 Bloomingdale Road, White Plains, NY
10605, USA. 2Teachers College, Columbia University, 525 West 120th Street,
New York, NY 10027, USA. 3School of Medicine, University of California, San
Francisco, 401 Parnassus Avenue, San Francisco, CA 94143, USA.
Received: 26 August 2015 Accepted: 12 January 2016
References
1. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. Washington, DC: APA; 2013.
2. Gadow KD, Devincent CJ, Pomeroy J, Azizian A. Comparison of DSM-IV
symptoms in elementary school-age children with PDD versus clinic and
community samples. Autism. 2005;9(4):392–415. doi:10.1177/
1362361305056079.
3. Simonoff E, Pickles A, Charman T, Chandler S, Loucas T, Baird G. Psychiatric
disorders in children with autism spectrum disorders: prevalence,
comorbidity, and associated factors in a population-derived sample. J Am
Table 6 ANOVA results comparing groups on ADOS and ADI-R
ADHD ASD
(n = 48) (n = 164)
Mean (SD) Mean (SD) F df p value
ADOS domainsa
CSS SA 3.3 (2.0) 6.4 (2.4) 66.80 1, 210 <0.001
CSS RRB 3.3 (2.5) 7.0 (2.5) 80.60 1, 210 <0.001
CSS overall 2.7 (1.6) 6.5 (2.5) 99.51 1, 210 <0.001
ADOS factorsb
Basic soc 1.2 (1.2) 3.2 (2.1) 41.16 1, 201 <0.001
Interaction quality 1.8 (1.3) 3.6 (1.9) 38.19 1, 210 <0.001
RRBs 0.6 (0.8) 2.7 (1.9) 53.26 1, 210 <0.001
ADI-R algorithm domains
Social total 12.1 (7.1) 16.1 (7.0) 11.43 1, 200 <0.01
Communication total 10.4 (6.3) 13.7 (5.3) 12.24 1, 200 <0.01
RRB-ADI total 4.6 (3.2) 6.0 (3.0) 8.21 1, 200 <0.01
ADI-R current domains
SC total 13.0 (7.5) 13.7 (7.1) 0.33 1, 184 n.s.
RSM total 2.9 (2.5) 4.1 (2.7) 6.66 1, 193 n.s.
IS total 5.6 (3.4) 5.2 (3.0) 0.34 1, 127 n.s.
ADHD attention deficit/hyperactivity disorder, ASD autism spectrum disorder, CSS calibrated severity score, df degrees of freedom, IS insistence on sameness, n.s.
not significant (p value >0.01), RRBs restricted repetitive behaviors on ADOS, RRB-ADI restricted repetitive behaviors on ADI-R, RSM repetitive sensory motor, SA
social affect, SC social communication, SD standard deviation
aIncludes both modules 3 and 4
bSee text for details based on Bishop, Havdahl, Huerta, and Lord (in prep); see text for ANCOVA results
Grzadzinski et al. Molecular Autism  (2016) 7:7 Page 10 of 12
Acad Child Adolesc Psychiatry. 2008;47(8):921–9. doi:10.1097/CHI.
0b013e318179964f.
4. de Bruin EI, Ferdinand RF, Meester S, de Nijs PFA, Verheij F. High rates of
psychiatric co-morbidity in PDD-NOS. J Autism Dev Disord.
2007;37(5):877–86.
5. Greene RW, Biederman J, Faraone SV, Ouellette CA, Penn C, Griffin SM.
Toward a new psychometric definition of social disability in children with
attention-deficit hyperactivity disorder. J Am Acad Child Adolesc Psychiatry.
1996;35(5):571–8. doi:10.1097/00004583-199605000-00011.
6. Johnston K, Dittner A, Bramham J, Murphy C, Knight A, Russell A. Attention
deficit hyperactivity disorder symptoms in adults with autism spectrum
disorders. Autism Res. 2013;6(4):225–36. doi:10.1002/aur.1283.
7. Sprenger L, Buhler E, Poustka L, Bach C, Heinzel-Gutenbrunner M, Kamp-
Becker I, et al. Impact of ADHD symptoms on autism spectrum disorder
symptom severity. Res Dev Disabil. 2013;34(10):3545–52. doi:10.1016/j.ridd.
2013.07.028.
8. Cooper M, Martin J, Langley K, Hamshere M, Thapar A. Autistic traits in
children with ADHD index clinical and cognitive problems. Eur Child
Adolesc Psychiatry. 2014;23(1):23–34. doi:10.1007/s00787-013-0398-6.
9. Mulligan A, Anney RJ, O'Regan M, Chen W, Butler L, Fitzgerald M, et al.
Autism symptoms in attention-deficit/hyperactivity disorder: a familial
trait which correlates with conduct, oppositional defiant, language and
motor disorders. J Autism Dev Disord. 2009;39(2):197–209. doi:10.1007/
s10803-008-0621-3.
10. Nijmeijer JS, Hoekstra PJ, Minderaa RB, Buitelaar JK, Altink ME, Buschgens CJ,
et al. PDD symptoms in ADHD, an independent familial trait? J Abnorm
Child Psychol. 2009;37(3):443–53. doi:10.1007/s10802-008-9282-0.
11. Grzadzinski R, Di Martino A, Brady E, Mairena MA, O'Neale M, Petkova E,
et al. Examining autistic traits in children with ADHD: does the autism
spectrum extend to ADHD? J Autism Dev Disord. 2011;41(9):1178–91. doi:10.
1007/s10803-010-1135-3.
12. Leitner Y. The co-occurrence of autism and attention deficit hyperactivity
disorder in children—what do we know? Front Hum Neurosci. 2014;8:268.
13. Matson JL, Cervantes PE. Commonly studied comorbid psychopathologies
among persons with autism spectrum disorder. Res Dev Disabil. 2014;35(5):
952–62. doi:10.1016/j.ridd.2014.02.012.
14. Ronald A, Larsson H, Anckarsater H, Lichtenstein P. Symptoms of autism and
ADHD: a Swedish twin study examining their overlap. J Abnorm Psychol.
2014;123(2):440–51. doi:10.1037/a0036088.
15. Reiersen A, Constantino J, Volk H, Todd R. Autistic traits in a population-
based ADHD twin sample. Journal of Child Psychology And Psychiatry.
2007;48(5):464–72.
16. Clark T, Feehan C, Tinline C, Vostanis P. Autistic symptoms in children
with attention deficit-hyperactivity disorder. Eur Child Adolesc Psychiatry.
1999;8(1):50–5.
17. Marton I, Wiener J, Rogers M, Moore C, Tannock R. Empathy and social
perspective taking in children with attention-deficit/hyperactivity disorder.
J Abnorm Child Psychol. 2009;37(1):107–18. doi:10.1007/s10802-008-9262-4.
18. Lutejin EF, Serra M, Jackson S, Steenhuis MP, Althaus M, Volkmar F, et al.
How unspecified are disorders of children with a pervasive developmental
disorder not otherwise specified? A study of social problems in children
with PDD-NOS and ADHD. Eur Child Adolesc Psychiatry. 2000;9:168–79.
19. Martin J, Hamshere ML, O'Donovan MC, Rutter M, Thapar A. Factor structure
of autistic traits in children with ADHD. J Autism Dev Disord. 2014;44(1):
204–15. doi:10.1007/s10803-013-1865-0.
20. Frazier TW, Youngstrom EA, Kubu CS, Sinclair L, Rezai A. Exploratory and
confirmatory factor analysis of the autism diagnostic interview—revised. J
Autism Dev Disord. 2008;38(3):474–80. doi:10.1007/s10803-007-0415-z.
21. Norris M, Lecavalier L, Edwards MC. The structure of autism symptoms as
measured by the autism diagnostic observation schedule. J Autism Dev
Disord. 2012;42(6):1075–86. doi:10.1007/s10803-011-1348-0.
22. Charman T, Baird G, Simonoff E, Loucas T, Chandler S, Meldrum D, et al.
Efficacy of three screening instruments in the identification of autistic-
spectrum disorders. Br J Psychiatry. 2007;191(6):554. doi:10.1192/bjp.bp.107.
040196.
23. Hus V, Pickles A, Cook EH, Risi S, Lord C. Using the autism diagnostic
interview—revised to increase phenotypic homogeneity in genetic
studies of autism. Biol Psychiatry. 2007;61(4):438–48. doi:10.1016/j.
biopsych.2006.08.044.
24. Hus V, Lord C. Effects of child characteristics on the autism diagnostic
interview—revised: implications for use of scores as a measure of ASD
severity. J Autism Dev Disord. 2013;43(2):371–81. doi:10.1007/s10803-012-
1576-y.
25. Molloy CA, Murray DS, Akers R, Mitchell T, Manning-Courtney P. Use of the
autism diagnostic observation schedule (ADOS) in a clinical setting. Autism.
2011;15(2):143–62. doi:10.1177/1362361310379241.
26. Schwenck C, Freitag CM. Differentiation between attention-deficit/
hyperactivity disorder and autism spectrum disorder by the social
communication questionnaire. Atten Defic Hyperact Disord. 2014;6(3):221–9.
doi:10.1007/s12402-014-0147-9.
27. Thorell LB, Rydell AM. Behaviour problems and social competence
deficits associated with symptoms of attention-deficit/hyperactivity
disorder: effects of age and gender. Child Care Health Dev. 2008;34(5):
584–95. doi:10.1111/j.1365-2214.2008.00869.x.
28. Lord C, Rutter M, DiLavore PC, Risi S, Gotham K, Bishop SL. Autism
diagnostic observation schedule, second edition (ADOS-2) modules 1-4. Los
Angeles, California: Western Psychological Services; 2012.
29. Lord C, Rutter M, Couteur A. Autism diagnostic interview—revised: a revised
version of a diagnostic interview for caregivers of individuals with possible
pervasive developmental disorders. J Autism Dev Disord. 1994;24(5):659–85.
doi:10.1007/BF02172145.
30. Huerta M, Bishop SL, Duncan AW, Hus V, Lord C. Application of DSM-5
criteria for autism spectrum disorder to three samples of children with
DSM-IV diagnoses of pervasive developmental disorders. Am J Psychiatry.
2012;169(10):1056–64. doi:10.1176/appi.ajp.2012.12020276.
31. Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, et al. Research
domain criteria (RDoC): toward a new classification framework for research
on mental disorders. Am J Psychiatry. 2010;167(7):748–51. doi:10.1176/appi.
ajp.2010.09091379.
32. Rommelse NN, Franke B, Geurts HM, Hartman CA, Buitelaar JK. Shared
heritability of attention-deficit/hyperactivity disorder and autism spectrum
disorder. Eur Child Adolesc Psychiatry. 2010;19(3):281–95.
doi:10.1007/s00787-010-0092-x.
33. Di Martino A, Zuo XN, Kelly C, Grzadzinski R, Mennes M, Schvarcz A, et al.
Shared and distinct intrinsic functional network centrality in autism and
attention-deficit/hyperactivity disorder. Biol Psychiatry. 2013;74(8):623–32.
doi:10.1016/j.biopsych.2013.02.011.
34. Gargaro BA, Rinehart NJ, Bradshaw JL, Tonge BJ, Sheppard DM. Autism and
ADHD: how far have we come in the comorbidity debate? Neurosci
Biobehav Rev. 2011;35(5):1081–8. doi:10.1016/j.neubiorev.2010.11.002.
35. Geurts HM, Ridderinkhof KR, Scholte HS. The relationship between grey-
matter and ASD and ADHD traits in typical adults. J Autism Dev Disord.
2013;43(7):1630–41. doi:10.1007/s10803-012-1708-4.
36. Hartley SL, Sikora DM. Which DSM-IV-TR criteria best differentiate high-
functioning autism spectrum disorder from ADHD and anxiety disorders
in older children? Autism. 2009;13(5):485–509. doi:10.1177/
1362361309335717.
37. Sikora DM, Hartley SL, McCoy R, Gerrard-Morris AE, Dill K. The performance
of children with mental health disorders on the ADOS-G: a question of
diagnostic utility. Res Autism Spect Dis. 2008;2(1):188–97. doi:10.1016/j.rasd.
2007.05.003.
38. Lord C, Bishop S, Anderson D. Developmental trajectories as autism
phenotypes. Am J Med Genet C Semin Med Genet. 2015. doi:10.1002/ajmg.
c.31440.
39. Gotham K, Risi S, Pickles A, Lord C. The autism diagnostic observation
schedule: revised algorithms for improved diagnostic validity. J Autism Dev
Disord. 2007;37(4):613–27. doi:10.1007/s10803-006-0280-1.
40. Hus V, Lord C. The autism diagnostic observation schedule, module 4:
revised algorithm and standardized severity scores. J Autism Dev Disord.
2014;44(8):1996–2012. doi:10.1007/s10803-014-2080-3.
41. Gotham K, Pickles A, Lord C. Standardizing ADOS scores for a measure
of severity in autism spectrum disorders. J Autism Dev Disord. 2009;
39(5):693–705. doi:10.1007/s10803-008-0674-3.
42. Bishop S, Havdahl KA, Huerta M, Lord C. Sub-domains of social-
communication impairments in verbally fluent children with developmental
disorders. under review.
43. Elliot CD. Differential abilities scale. San Antonio, TX: Psychological
Corporation; 1990.
44. Wechsler D. Wechsler intelligence scale for children—fourth edition. San
Antonio, TX: Psychological Corporation; 2003.
45. Wechsler D. Wechsler preschool and primary scale of intelligence. 3rd ed.
San Antonio, TX: Psychological Corporation; 2002.
Grzadzinski et al. Molecular Autism  (2016) 7:7 Page 11 of 12
46. Wechsler D. Wechsler abbreviated scale of intelligence. San Antonio, TX:
Psychological Corporation; 1999.
47. Wechsler D. The Wechsler adult intelligence scale—revised manual. New
York: Psychological Corporation; 1981.
48. Semel E, Wiig EH, Secord WA. Clinical evaluation of language fundamentals,
fourth edition (CELF-4). Toronto, Canada: The Psychological Corporation/A
Harcourt Assessment Company; 2003.
49. Dunn LM, Dunn LM. PPVT-III: peabody picture vocabulary test. Circle Pines,
MN: American Guidance Service; 1997.
50. Sparrow SS, Balla DA, Cicchetti DV. Vineland adaptive behavior scales. Circle
Pines, MN: American Guidance Service; 1984.
51. Raven JC. Progressive matrices: a perceptual test of intelligence. London,
UK: HK Lewis; 1938.
52. Anderson DK, Liang JW, Lord C. Predicting young adult outcome among
more and less cognitively able individuals with autism spectrum disorders.
J Child Psychol Psychiatry. 2014;55(5):485–94. doi:10.1111/jcpp.12178.
53. Lainhart JE, Bigler ED, Bocian M, Coon H, Dinh E, Dawson G, et al. Head
circumference and height in autism: a study by the collaborative program
of excellence in autism. Am J Med Genet A. 2006;140(21):2257.
54. Luyster R, Gotham K, Guthrie W, Coffing M, Petrak R, Pierce K, et al. The
autism diagnostic observation schedule—toddler module: a new module of
a standardized diagnostic measure for autism spectrum disorders. J Autism
Dev Disord. 2009;39(9):1305–20. doi:10.1007/s10803-009-0746-z.
55. Bishop S, Gahagan S, Lord C. Re-examining the core features of autism:
a comparison of autism spectrum disorder and fetal alcohol spectrum
disorder. J Child Psychol Psychiatry. 2007;48(11):1111–21.
doi:10.1111/j.1469-7610.2007.01782.x.
56. Hagberg BS, Miniscalco C, Gillberg C. Clinic attenders with autism or
attention-deficit/hyperactivity disorder: cognitive profile at school age and
its relationship to preschool indicators of language delay. Res Dev Disabil.
2010;31(1):1–8. doi:10.1016/j.ridd.2009.07.012.
57. Kopp S, Kelly KB, Gillberg C. Girls with social and/or attention deficits:
a descriptive study of 100 clinic attenders. J Atten Disord. 2010;14(2):167–81.
doi:10.1177/1087054709332458.
58. Wall DP, Dally R, Luyster R, Jung JY, Deluca TF. Use of artificial intelligence
to shorten the behavioral diagnosis of autism. PLoS ONE. 2012;7(8):e43855.
doi:10.1371/journal.pone.0043855.
59. Taylor CM, Vehorn A, Noble H, Weitlauf AS, Warren ZE. Brief report: can
metrics of reporting bias enhance early autism screening measures?
J Autism Dev Disord. 2014;44(9):2375–80. doi:10.1007/s10803-014-2099-5.
60. CDC. Prevalence of autism spectrum disorder among children aged 8
years—autism and developmental disabilities monitoring network, 11 Sites,
United States, 2010. United States: MMWR Surveillance Summaries; 2014.
61. Mandell D, Lecavalier L. Should we believe the centers for disease control
and prevention’s autism spectrum disorder prevalence estimates? Autism.
2014;18(5):482–4. doi:10.1177/1362361314538131.
62. Gardner DM, Gerdes AC. A review of peer relationships and friendships in
youth with ADHD. J Atten Disord. 2013. doi:10.1177/1087054713501552.
63. Mikami AY, Jia M, Na JJ. Social skills training. Child Adolesc Psychiatr Clin N
Am. 2014;23(4):775–88. doi:10.1016/j.chc.2014.05.007.
64. Ronk MJ, Hund AM, Landau S. Assessment of social competence of boys
with attention-deficit/hyperactivity disorder: problematic peer entry, host
responses, and evaluations. J Abnorm Child Psychol. 2011;39(6):829–40.
doi:10.1007/s10802-011-9497-3.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Grzadzinski et al. Molecular Autism  (2016) 7:7 Page 12 of 12
